Abstract. The perceptual^cognitive information used to support pattern-recognition skill in soccer was examined. In experiment 1, skilled players were quicker and more accurate than less-skilled players at recognising familiar and unfamiliar soccer action sequences presented on film. In experiment 2, these action sequences were converted into point-light displays, with superficial display features removed and the positions of players and the relational information between them made more salient. Skilled players were more accurate than less-skilled players in recognising sequences presented in point-light form, implying that each pattern of play can be defined by the unique relations between players. In experiment 3, various offensive and defensive players were occluded for the duration of each trial in an attempt to identify the most important sources of information underpinning successful performance. A decrease in response accuracy was observed under occluded compared with non-occluded conditions and the expertise effect was no longer observed. The relational information between certain key players, team-mates and their defensive counterparts may provide the essential information for effective pattern-recognition skill in soccer. Structural feature analysis, temporal phase relations, and knowledge-based information are effectively integrated to facilitate pattern recognition in dynamic sport tasks.
Introduction
The ability to perceive visual information in order to guide skilful behaviour is crucial in many domains of human endeavour (Harris and Jenkin 1998; Williams et al 2002) . This ability is particularly important in situations where individuals have limited time to perceive and act, such as when involved in military conflict, driving a car, or competing in sport. An essential task for the performer is to extract from a scene the essential information needed to predict future response requirements (Abernethy 1993; Beek et al 2003) . It has been hypothesised that the perceptual^cognitive skill underlying this analysis is the ability to identify task-specific structure or patterns. This skill has been illustrated across a number of tasks, including the recognition of familiar facial features or gait pattern of a friend (eg see Barclay et al 1998; Peterson and Rhodes 2003) and when attempting to detect patterns of play in board games such as chess or in a dynamic sport task such as soccer (eg for a review see Williams et al 1999) .
In this paper, a series of experiments is presented to identify how performers recognise patterns of play in a dynamic team sport. The sport of soccer is used as a vehicle to explore these issues since it is a complex activity that involves considerable interaction between several component parts including team-mates, opponents, the field of play, and the ball. Furthermore, researchers have identified pattern-recognition skill as an essential component of high-level performance in soccer (Ward and Williams 2003; Williams and Davids 1995) . We manipulate display characteristics in an attempt to alter the viewer's ability to make perceptual judgments regarding the stimuli presented. The manipulation or removal of perceptual information is expected to have a detrimental effect when this information is essential, whereas no decrement in performance is expected when nonessential information is distorted or occluded. The intention is to identify display characteristics whose manipulation or removal results in a direct and systematic change in pattern-recognition performance.
In the field of cognitive psychology, the ability to identify patterns of play was initially examined by using the recognition paradigm in chess (see Charness 1976 Charness , 1979 . Allard et al (1980) subsequently used this approach in sport. Skilled and lessskilled basketball players were presented with 80 slides containing both structured (ie sequences taken directly from matchplay) and unstructured (eg teams warming up prior to a match) situations. Half of the slides had been presented during an earlier viewing phase, whereas the other half had not been previously seen by participants. The accuracy with which the information presented earlier was recognised was taken as a measure of performance. Skilled basketball players were more accurate than lessskilled counterparts in making familiarity-based judgments whether or not they had viewed the structured slides previously. No differences were reported on the unstructured slides (cf Garland and Barry 1991; Williams et al 1993) .
The recognition paradigm was refined by Williams and Davids (1995) , who used dynamic film sequences rather than static slides, and measured speed as well as accuracy of response in order to better simulate the real-life demands of the sport. Skilled and less-skilled soccer defenders were presented with structured and unstructured action sequences filmed from the perspective of a defensive player; half of the sequences had been viewed previously while the other half had not. Skilled soccer players were quicker and more accurate than less-skilled players in recognising structured action sequences. The skilled players also demonstrated superior performance on the unstructured action sequences, suggesting that even on clips judged to be unstructured there is some element of structure inherent within the display which experts can use to facilitate recognition (see S E Gobet and Simon 1998).
The proposal is that skilled performers develop more elaborate domain-specific knowledge structures, and efficient encoding and retrieval processes, which provide them with a significant advantage over less-skilled players when attempting to make the familiarity-based judgments required for pattern recognition (see Ericsson and Delaney 1999; Ericsson and Kintsch 1995) . Chappell and Humphreys (1994) argued that skilled performers use these memory skills to develop accurate likelihood ratios whether the observed pattern corresponds to one previously viewed. The extent to which these judgments are based upon the identification of more superficial or lowlevel surface features (eg shirt colour, environmental or pitch conditions, form cues) or the relational similarity between these features (eg the positions of players or the relative orientation of players) is less apparent. Gentner and Markman (1998) argued that skilled performers are more likely to detect similarity in patterns based upon structural relations (eg positions of players or their relative orientations) or higherorder predicates (eg tactical or strategic significance), whereas less-skilled players may depend on more superficial elements. Similarly, Novick and Sherman (2003) have argued that, in the domain of anagram problem-solving, experts attend preferentially to underlying solution-relevant structural features (eg relations among objects), whereas novices tend to rely on solution-irrelevant superficial features of problems (eg the specific objects in the problem).
The relative importance of relational information and superficial display features can be examined experimentally by presenting stimuli in point-light form, removing access to features such as the colour of players' uniforms, crowd density, stadium markings, weather, the condition of the playing surface, and form cues from players' postural orientations. Point-light displays were initially employed by Marey (1895 Marey ( /1972 and then applied to the study of biological motion by Johansson (1973 Johansson ( , 1975 . These displays are generally constructed by attaching reflective markers to the major joint centres of the body, recording the body in motion, then displaying the reflective markers alone against a black background. When presented with dynamic images in point-light form, participants are able to perceive gender on the basis of gait behaviour (eg Mather and Murdoch 1994) , the type of emotion expressed in a dance routine (eg Brownlow et al 1997) , and the mass of an object lifted by an individual (eg Runeson and Frykholm 1981; Shim et al 2004) . When biological motion is presented as point-light displays, participants are thought to perceive the relative motion between key anatomical features (Cutting and Proffitt 1982) .
Several researchers have proposed that the effective pick-up of biological motion is an essential component of anticipation skill in fast-ball sports such as tennis (eg see Williams et al 1999) . The argument is that performers determine an opponent's intentions on the basis of the relative motion between specific bodily features, rather than via the extraction of information from more superficial features or an isolated area of the body. The participant's level of experience on the task has also been shown to affect this ability to pick up and interpret biological motion: skilled performers are more attuned to this information than less-skilled individuals (eg see Abernethy et al 2001; Proffitt and Gilden 1989; Ward et al 2002) . This latter observation would indicate an important role for higher-order cognitive processes in the perception of biological motion; a notion nicely highlighted by Dittrich (1999) in his interactive encoding model.
Whilst several researchers have attempted to determine whether viewers can perceive the relative motion evident in human movement, there have been only limited attempts to examine whether patterns of interaction between individuals or objects may be recognised when presented in point-light form (for an exception, see Dittrich and Lea 1994) . Such motion patterns are commonly observed in team ball games such as soccer, basketball, or field hockey, in situations involving social interaction between individuals, during military combat, and in situations involving crowd control at major public events. Dittrich (1993) argued that these patterns may be classified solely on the basis of their motion characteristics, without reference to form cues. Such a process is likely to require an effective marriage between low-level processes and more conceptuallydriven cognitive processes, involving selective attention and semantic representation (see Didierjean and Marme© che 2005; Dittrich 1999; Henderson 2003) . The recognition of patterns of play in sport may therefore require two stages of perception: the first stage involves the extraction of motion features or temporal phase relations, whilst the second stage requires the stimulus to be matched with some internally represented model or template (Dittrich and Lea 1994) .
Although the relative difference in performance under point-light compared with standard video conditions would help determine the extent to which performers depend on superficial display features as opposed to the relations between these features when identifying patterns of play, alternative techniques are required to identify the specific features extracted from the display. The spatial-or event-occlusion technique offers one approach to addressing this issue. Participants are presented with film sequences when one or a number of specific cues (eg the racket or arm in tennis) have been occluded. The presumption is that critical sources of information and lawful relations might be uncovered through the removal of these information sources. If there is a decrement in performance when a particular cue is occluded, compared with a control condition where a supposedly irrelevant source of information is removed, then the importance of the occluded source of information is highlighted (for a more detailed review, see Williams et al 1999) .
Several researchers have used the spatial occlusion approach to identify the important information cues used to anticipate an opponent's intentions in sports such as badminton, squash, and during one-versus-one simulations in soccer (eg see Abernethy 1988 Abernethy , 1990 Williams and Davids 1998) . However, this type of approach has been used far less frequently to identify the sources of information that performers use to identify structure in situations involving several individuals or objects (for an exception, see Dittrich and Lea 1994) . When presenting images with standard video, digital editing techniques now enable researchers to erase part of the display by replacing the foreground with the background. Such editing techniques can be used to add, remove, or distort normally invariant relations between different information sources.
Experiment 1
The aim in this experiment was to replicate the findings of previous research involving the recognition paradigm in soccer in order to provide a rationale for the manipulations employed in experiments 2 and 3. The ability of skilled and less-skilled defensive soccer players to identify patterns of play was examined with dynamic film sequences taken directly from actual matches. Skilled soccer players were expected to be quicker and/or more accurate than less-skilled players, particularly on the structured action sequences.
2.1 Method 2.1.1 Participants. A total of eight skilled and nine less-skilled male soccer players provided informed consent prior to participating. The skilled players (mean age 24.0 years, SD 3X4 years) had played soccer in the UK at university or a semiprofessional level for a minimum period of 10 years, whereas the less-skilled players (mean age 27.8 years, SD 6X7 years) had participated only at a recreational level. All players classified themselves as defenders or defensively oriented midfield players. Ethical approval was obtained prior to any experimentation. Participants provided informed consent prior to taking part in the experiment, and were free to withdraw from testing at any stage.
2.1.2 Test film. Participants were presented with separate test films involving a viewing phase and a recognition phase, respectively. Film sequences contained both structured and unstructured soccer action sequences. The structured trials contained organised attacking sequences that were taken from a sample of three matches involving international youth teams at the under-18-year-old age group. Each match was filmed from a position behind (15 m) and slightly above (5 m) the goal with a video camera (Canon XM-2, Tokyo, Japan), such that the entire width of the playing field could be viewed and ensuring that potentially important information from wide positions was not eliminated. The slightly elevated filming position helped give participants some element of depth. A single frame from a typical structured action sequence is presented in figure 1a . The unstructured trials involved sequences showing a break in play with no evolving pattern of play (eg an injured player receiving treatment, players walking on or off the field of play at half-or full-time, and players warming-up prior to the match). Three expert soccer coaches independently-rated each clip in relation to whether the pattern of play was representative of a typical attacking sequence experienced during a match or not. The criterion was based on a 10-point Likert-type scale where 10 denoted a very structured game sequence, highly representative of a typical pattern of play that may be observed during a game, whereas a score of 1 was viewed as a very unstructured game sequence. Only clips rated 9 and above by all three coaches were used as structured trials, whereas clips rated 2 or below were used for unstructured sequences of play.
The viewing and recognition phases each included 20 film clips, 10 of which were structured and 10 unstructured. The duration of each film clip ranged from 6 to 12 s (M 9X3 s, SD 1X64 s) with an inter-trial interval of 2 s. The recognition phase contained 10 clips taken from the viewing phase, 5 structured and 5 unstructured; and 10 new action sequences that had not been seen previously by the participants, 5 structured and 5 unstructured. Five additional trials were presented to participants prior to testing so that they could familiarise themselves with the test film and protocol. The order of presentation of video clips was randomly determined and kept consistent across participants.
2.1.3 Apparatus. The film clips were presented in a dark room by means of a video projection system (Sharp Vision XG-NV2E, Tokyo, Japan) and a 2.1 m61.5 m screen (LUMA, Draper, Spiceland, India). Participants were seated at a distance of 3 m from the screen such that the image subtended a visual angle of approximately 8.5 deg. Participants' decision time and accuracy were measured by using one of two push button switches marked`yes' and`no', respectively, that were connected to a computerbased anticipation timer (VRTAS, Applied Analysis and Integration, Manchester, UK).
2.1.4 Procedure. During the viewing phase, participants were told that they would be presented with a number of film sequences and that each clip would last between 6 and 12 s. No response was required from the participants during this phase. Immediately after the viewing phase, participants were given an interference task which lasted for 5 min. This task required participants to respond verbally to a series of questions about themselves and their background within the game of soccer.
Prior to the recognition phase, participants were instructed to view another batch of video clips and to indicate with one of the two response keys whether they had, or had not, seen each action sequence previously. Participants were told to respond quickly and accurately. They were also informed that some of the clips had been shown during the viewing phase while others had not been presented previously. After each response, the video image was immediately occluded to prevent further access to display-related information which could potentially provide feedback about the accuracy of the response.
2.1.5 Dependent measures and analysis. Two response measures were obtained for both the structured and unstructured film clips: decision time (DT)öthis was the time (in ms) from the start of the film clip to the participant's response; and response accuracy (RA)öthis measure (in %) was obtained by dividing the number of correct responses by the number of action sequences for each participant.
The data were analysed with a factorial multivariate analysis of variance (MANOVA) in which group (skilled, less skilled) was the between-participants factor, structure (structured, unstructured) the within-participants factor, and DT and RA the two dependent measures. Significant effects were followed up with the use of univariate analysis of variance (ANOVA) and discriminant function analysis; o 2 and Cohen's effect size (d) measures are reported where appropriate. The major assumptions of mixeddesign MANOVA were met: random and independent data, multivariate normality, and the absence of sphericity.
Results
The MANOVA showed a significant main effect for group (Wilks's l 0X65, F 2 14 3X74, p 5 0X05) and for structure (Wilks's l 0X32, F 2 14 14X72, p 5 0X01). There were no significant interactions. The discriminant analysis follow-up procedure showed that the DT variable had a much higher standardised canonical discriminant function coefficient for group (b 0X92) and structure (b À1X00) than RA (b 0X39 and 0.14, respectively), indicating that this variable made a greater contribution to each main effect. This finding was confirmed with a univariate ANOVA. Significant effects were observed only on the DT variable for group (F 1 15 6X75, p 5 0X05, o 2 0X11) and structure (F 1 15 30X88, p 5 0X01, o 2 0X56). The skilled participants were quicker (M 2714 ms) than their less-skilled counterparts (M 4197 ms) in responding to the structured and unstructured trials, whereas all participants were quicker in responding to unstructured (M 2840 ms) than to structured (M 4071 ms) sequences. The mean performance scores and standard deviations are presented in figure 2 . 
Discussion
The skilled soccer players were quicker than the less-skilled players at recognising previously viewed structured sequences (d 1X35), whereas no differences were observed between groups in response accuracy (d 0X32). The skilled players made a decision on average almost 2 s faster than their less-skilled counterparts with no subsequent decrement in response accuracy. These findings are similar to those previously reported for slide (Allard et al 1980) and film (Williams and Davids 1995) images. It is likely that skilled players have more refined knowledge structures and quicker access to this information, enabling them to make the familiarity-based judgments required for effective pattern recognition in soccer (Ericsson and Kintsch 1995) . The skilled soccer players were also quicker (d 1X01) in responding on the unstructured sequences than the less-skilled players. There were no significant differences across groups in response accuracy on this condition (d 0X37). The unstructured trials were intended as a measure of visual short-term memory capacity, and consequently no differences in performance were expected across groups (cf Allard et al 1980) . However, S E Gobet and Simon (1998) have shown that this finding is not ubiquitous, with skilled performers generally demonstrating a slight superiority over less-skilled individuals even on unstructured sequences. A likely explanation for this effect is that, since the unstructured sequences were recorded during actual soccer matches (ie with players receiving treatment on the field of play or warming up before a match), the skilled players were able to detect occasionally advantageous patterns within these supposedly`random' configurations (see Williams and Davids 1995) . Alternatively, skilled players may possess a much larger data base of chunks in long-term memory, enabling them to occasionally recognise patterns by chance in random sequences. Skilled performers may also possess strategies for coping with uncommon or novel positions better than less-skilled players (S E Gobet and Simon 1998).
Participants were quicker in responding to unstructured than to structured trials. The likely reason for this effect is that the unstructured trials contained more information early on in each trial, thereby facilitating discrimination. On the structured trials, play was fairly random or haphazard at the outset of a particular attacking sequence as teams competed for possession of the ball and tried to gain control of the match. It is most likely that the most informative aspects of the structured trials emerged later in the sequence when the structural relations among players were more apparent. When viewing unstructured sequences, participants are likely to attempt to recognise clips through the recognition of superficial features which are visible early on in each trial, such as the colour of the uniforms, the condition of the playing surface, or the environmental conditions (cf Smeeton et al 2004; Williams and Davids 1995) . The processing demands of making familiarity-based judgments based on superficial features are likely to be less than those required for more structured relations where information may be encoded at a deeper level (Holyoak and Koh 1987) .
Experiment 2
The aim in this experiment was to determine the relative importance of relational information and surface attributes in identifying patterns of play. The same offensive sequences as the ones employed in experiment 1 were converted to point-light form such that the principal information presented was the positions of players, the relational information between them, the ball, and the pitch markings. These sources of information were presented as white lines and moving dots against a black background. It was predicted that the skilled players would be quicker and/or more accurate than the less-skilled players in the absence of surface attributes from the match scenario such as the actual colour of the players' uniforms and form cues such as each player's postural orientation. Skilled players rely on the structural relations between features (eg players' positions or the relative motion between players) and/or on higher-order predicates (eg the tactical or strategic significance of these features) when making familiarity-based judgments, whereas less-skilled players employ superficial attributes or surface features when making such decisions. The removal of surface attributes was expected to be more pronounced on unstructured rather than structured trials, since such features are expected to underpin familiarity-judgments when viewing unstructured sequences, given the absence of potentially meaningful relations between players' positions and movements.
3.1 Method 3.1.1 Participants. Participants were the same as in experiment 1. Informed consent was obtained prior to testing and participants were free to withdraw from testing at any stage. The order of testing across participants in experiments 1 and 2 was counterbalanced such that half the participants in each group completed experiment 1 first, whereas the other half completed experiment 2 initially. The two experiments were completed over a 6-to 8-week period.
3.1.2 Test film. As in experiment 1, participants were presented with two test films involving a viewing phase and a recognition phase. Each film sequence contained the same structured and unstructured sequences in the same order as in experiment 1. However, in this experiment the video footage was converted into point-light format. The videos were initially captured in .avi format with the use of video editing software (iFinish, Media 100, Nottingham, UK) and then exported with the use of Irfan View (http://www.irfanview.com) to a software package that was specifically written for this experiment (Analysa Soccer, Liverpool John Moores University, Liverpool, UK). The software enabled each player's position to be digitised and then reconstructed as points of light against a black background by using full-screen, real-time playback. The players from one team were presented as red points of light, those from the other team as green points of light, and the ball as a blue point of light. The colours employed remained consistent across trials so as to eliminate the possibility of players recognising clips based on this feature. However, it should be noted that, whilst the consistent use of red and green removes the possibly unique colour schemes in team strips, the possibility exists that participants may have imposed some structure on the scene on the basis of colour. The pitch markings were represented by a series of white lines. A frame from a typical structured point-light display trial is highlighted in figure 1b. 3.1.3 Apparatus. The apparatus used was the same as in experiment 1.
3.1.4 Procedure. The procedure for the viewing phase was the same as in experiment 1. However, in this experiment participants were informed that the footage would be shown as point-light displays. Participants were made aware that all contextual information would be removed, and that, other than points of lights, each representing a player and the ball, the only information present was the white lines representing pitch markings. Five trials were presented to the participants prior to testing, so that they could familiarise themselves with the test film and protocol. Following the viewing phase, participants responded verbally for 5 min to a series of questions designed to interfere with memory and rehearsal processes. The procedure and task for the recognition phase were identical to those in experiment 1; however, participants were informed that the footage would be presented in point-light format. As in experiment 1, the image was occluded immediately after each response to prevent taskspecific feedback.
3.1.5 Dependent measures and analysis. The dependent variables were the same as in experiment 1. In order to examine any decrement in performance as a result of the experimental manipulation, participants' data from the normal video viewing condition employed in experiment 1 were included in the analysis. The data were analysed with a factorial multivariate analysis of variance (MANOVA) in which group (skilled, less skilled) was the between-participants factor, structure (structured, unstructured) and viewing condition (video, point-light display) the within-participants factors, and DT and RA the two dependent measures. Significant effects were followed up as in experiment 1.
Results
The MANOVA showed a significant main effect for group (Wilks's l 0X56, F 2 14 5X34, p 5 0X05), viewing condition (Wilks's l 0X47, F 2 14 7X87, p 5 0X01), and structure (Wilks's l 0X33, F 2 14 14X04, p 5 0X01). There was also a significant viewing condition6structure interaction (F 2 14 6X93, p 5 0X01). The follow-up discriminant analysis showed that the DT variable had a higher standardised canonical discriminant function coefficient than RA on the group (b À0X75 versus À0X68) and structure (b À1X08 versus 0.51) main effects, and on the viewing condition6structure (b À1X00 versus 0.13) interaction, respectively. However, the RA variable had a higher standardised canonical discriminant function coefficient than DT on the viewing condition (b À1X07 versus À0X36) main effect. Separate univariate analysis showed significant group effects for both DT (F 1 15 6X10, o 2 0X08, p 5 0X05) and RA (F 1 15 4X86, o 2 0X11, p 5 0X05). Only the RA variable significantly differentiated across viewing condition (F 1 15 14X97, o 2 0X65, p 5 0X01), whereas only the DT variable yielded significant differences as a function of structure (F 1 15 23X44, o 2 0X36, p 5 0X01) and the viewing condition6struc-ture interaction (F 1 15 14X61, o 2 0X23, p 5 0X01). The skilled participants were quicker (M 2740 ms versus 4212 ms) and more accurate (M 70X62% versus 63.58%) than their less-skilled counterparts in responding to both the structured and unstructured sequences, whereas all participants were more accurate in responding to video (M 74X86%) than to point-light display (M 59X35%) action sequences. Participants were also quicker in responding to unstructured (M 3150 ms) than to structured (M 3803 ms) action sequences. The mean performance scores and standard deviations for point-light display conditions only are presented in figure 3 . The participants were slower in responding to the structured video (M 4071 ms) than to the structured point-light display (M 3535 ms) sequences, whereas they were faster in responding to the unstructured video (M 2840 ms) than to the unstructured point-light display (M 3459 ms) sequences. 
Discussion
The skilled participants were quicker (d 1X27) and more accurate (d 0X64) than less-skilled players in making familiarity-based judgments involving structured playing sequences regardless of whether the clips were presented in video or point-light display format. The skill-based differences in pattern-recognition performance observed when viewing video sequences were therefore maintained even under point-light viewing conditions. It appears that for skilled players the positions of players on the field of play and the relational information between these provides the information necessary for successful recognition performance. As proposed by Gentner and Markman (1998) , skilled performers detect similarity across patterns of play based upon structural relations or higher-order predicates (eg tactical significance of these relations between players), whereas less-skilled players depend on more superficial elements. Although researchers have previously identified the importance of picking up the relative motion between body segments when anticipating opponents' intentions in racket sports (eg Abernethy et al 2001; Shim and Carlton 1999; Ward et al 2002) , this is the first time that the relational information between players has been shown to be the crucial component when perceiving patterns of play in soccer. Since the skill main effect was maintained in the absence of surface features and form cues, the superiority of the skilled soccer defenders in recognising patterns of play must be based on the detection of important relational information between players. It should be noted, however, that both the skilled and less-skilled players were less accurate when responding to point-light than to video displays (d 1X08), indicating that access to surface features and/or form cues such as players' postural orientations is often helpful when making familiarity-based judgments (Gentner and Markman 1998) .
The skilled players were also quicker (d 1X17) and more accurate (d 0X65) in responding to the unstructured point-light sequences, reinforcing the conclusions drawn in experiment 1. Since the unstructured sequences were presented in point-light form, players were constrained to make a familiarity-based judgment based upon any relational information between players that may be present within the display. This finding lends credence to S E Gobet and Simon's (1998) suggestion that skilled performers are able to extract more informative relational information even within relatively impoverished unstructured sequences.
The viewing condition6structure interaction provided additional support for our initial predictions. Participants were quicker in making familiarity-based judgments when viewing structured sequences presented as point-light rather than video displays (d 0X32), whereas they were slower in making such judgments when the unstructured sequences were presented in point-light compared with video format (d 0X42). When attempting to recognise structured offensive sequences, the important information would appear to be the positions of players and/or the relational information between players. The removal of nonessential and potentially distracting background information, such as the colour of players' uniforms and the condition of the playing surface, makes it easier for participants to pick up the important relational information needed to determine the most appropriate response. In contrast, when attempting to identify unstructured sequences in point-light form, the reduced availability of meaningful relational information within these clips necessitates that players attempt to pick up more superficial features when making familiarity-based judgments such that a decrement in performance is apparent.
Experiment 3
Skilled players are able to make familiarity-based judgments based on the relational information between players. An interesting follow-up question is whether the relational information between certain players is more important than between others. The positions and relative orientations of the forward and midfield players may be particularly important when attempting to recognise an evolving pattern of play (Williams et al 1993) . For example, using eye-movement recording techniques, and similar film clips to those used in the present series of experiments, researchers have demonstrated that skilled defensive players in soccer fixate more frequently on the positions and movements of the two central offensive players than less-skilled defenders when attempting to anticipate opponents' intentions (Williams et al 1994) . In contrast, lessskilled defenders are more inclined to follow the ball. The aim in this final experiment therefore was to try and manipulate access to this relational information by occluding the main central offensive players for the entire duration of each trial. The removal of these players was expected to have a negative effect on recognition performance as shown by an increase in decision time and/or a decrease in response accuracy. This effect was expected to be particularly pronounced in skilled players, who are expected to rely more on the relational information between these players when making such perceptual judgments than less-skilled players.
4.1 Method 4.1.1 Participants. From the original sample of eight skilled and nine less-skilled participants employed in experiments 1 and 2, a total of six skilled and six less-skilled participants completed experiment 3. The skilled players (mean age 24.3 years, SD 3X5 years) had played soccer at a university or semi-professional level in the UK for a minimum period of 10 years, whereas the less-skilled players (mean age 27.6 years, SD 7X6 years) had participated only at a recreational level. Informed consent was obtained prior to testing and participants were free to withdraw from testing at any stage. This experiment was completed three months after experiments 1 and 2. 4.1.2 Test film. Participants were again presented with two test films comprising a viewing phase and a recognition phase. The test film for the viewing phase was identical to that used in experiment 1. The film used for the recognition phase was also the same as that used in experiment 1 in terms of the action sequences employed and order of presentation of clips. However, in this experiment, the video clips were manipulated by using a spatial occlusion technique (see Williams et al 1999) so that the two central attacking players were occluded for the duration of each clip. This procedure was achieved by means of specialist editing software (Pinnacle Systems Commotion Pro v 3.0, Mountain View, CA, USA) that enabled the foreground (ie a player) to be replaced with the background (ie the green playing surface/turf ). The players were literally erased from each frame of action. Since each attacking player was often tightly marked by a defensive player, the accompanying defensive marker was also occluded for the duration of each trial. On the unstructured sequences, two attacking and two defensive players were occluded on a random basis in order to provide a control condition and ensure that the deterioration in performance was not caused by the spatial occlusion procedure itself. A frame from a typical structured spatial occlusion trial is highlighted in figure 1c. 4.1.3 Apparatus. The apparatus used was the same as in experiment 1.
4.1.4 Procedure. The procedure for the viewing phase was the same as in experiment 1. Following the viewing phase, participants were given a 5-minute interference task that involved responding verbally to a series of questions prior to commencing the recognition phase. Before the recognition phase, participants were instructed that, as in experiment 1, they would be shown a further 20 video clips of structured and unstructured soccer sequences, and their task would be to indicate whether they had or had not seen each action sequence during the viewing phase. However, participants were informed that all of the 20 clips had been edited in some way. No further information was provided as to the nature of this editing. Since certain features had now been occluded from the display, participants would technically be correct to indicate that none of the clips in the recognition phase had been presented during the viewing phase. Therefore, participants were informed their task was to decide whether action sequences presented during the recognition phase were edited versions of video clips observed during the viewing phase, or completely novel clips that were not presented in the viewing phase. Participants were instructed to respond quickly and accurately using the procedure outlined in experiment 1. The image was occluded immediately after each response to prevent task-specific feedback. Participants were debriefed immediately after completing the test protocol. 4.1.5 Design and analysis. The dependent variables were the same as in experiment 1. As in experiment 2, and in order to examine any potential decrement that may be evident as a result of the spatial occlusion procedure, participants' data from the normal video viewing condition employed in the recognition phase of experiment 1 were included in the analysis. The data were therefore analysed with the use of the procedures outlined in experiment 2.
Results
The MANOVA showed significant main effects for viewing condition (Wilks's l 0X21, F 2 8 14X58, p 5 0X05) and structure (Wilks's l 0X19, F 2 8 16X84, p 5 0X01). There were no significant group effects or interactions. The discriminant analysis follow-up procedure showed that the RA variable (b À0X95) had a higher standard coefficient than DT (b 0X39) on the viewing condition main effect, whereas the DT variable (b À1X01) had a higher standard coefficient than RA ( b 0X17) on the structure main effect. Separate univariate analysis indicated that only the RA variable showed a significant main effect for viewing condition (F 1 9 27X82, o 2 0X71, p 5 0X01), whereas only the DT variable showed a significant effect of structure (F 1 9 36X78, o 2 0X67, p 5 0X01). Participants were more accurate when the action sequences were presented under non-occluded (M 75X42%) than under occluded (M 63X08%) viewing conditions, whereas they were quicker in recognising the unstructured (M 3047 ms) than the structured (M 4396 ms) sequences. The mean performance scores and standard deviations for the occluded conditions are presented in figure 4. defensive markers removed or distorted access to the important relational information and had a detrimental effect on performance. It would appear that the positions and movements of these players, or the relative motions between these players and their team-mates, provide participants with the important information needed to make accurate familiarity-based judgments. This finding provides support for previous research which involved the recording of eye-movement data while players viewed similar action sequences (see Williams et al 1994) , but is unique in the sense that it marks an initial attempt to identify the essential information underlying pattern-recognition skill in soccer by using a spatial occlusion technique. There was no main effect for skill in contrast to that reported in experiments 1 and 2. It appears that on the structured sequences the removal of these players had a more pronounced effect on the performance of the skilled than on that of the lessskilled players. Although the three-way interaction was not significant, a strong trend was observed for skilled players to show a more marked decrement in performance under occluded than under non-occluded conditions on the structured trials. For example, on the structured sequences, the skilled players were on average over a second slower (d 0X73) and were 8% less accurate (d 0X69) in responding to the occluded compared with non-occluded trials. On the unstructured trials, the pattern was reversed such that the skilled players responded almost a second faster (d 0X27) and were 8% more accurate (d 0X93) on the occluded than on the non-occluded trials. It appears that on the structured sequences the occlusion of certain players removed the important relational information required for players to recognise the pattern of play, whereas on the unstructured sequences the removal of players reduced the amount of information that needed to be processed and performance was enhanced. The difference in performance across the two viewing conditions was not as pronounced for the less-skilled players with a typical decrement in decision time and response accuracy on the occluded compared with non-occluded conditions of only 100 ms and 12%, respectively.
General discussion and conclusions
The current programme of research had three objectives. First, we wanted to verify the general conclusion that skilled performers have superior pattern-recognition skills than less-skilled individuals, as determined by their ability to make quicker and/or more accurate familiarity-based judgments. Second, we tried to determine whether the ability of skilled performers to recognise patterns of play is due to their capacity to pick up important relational information based on players' positions on the field of play and/or the relative motions between players as opposed to the processing of more superficial or surface features within the display. Third, an attempt was made to try and outline the specific nature of the relational information that performers use to identify patterns of play. The latter objectives were particularly unique and mark an initial attempt to identify the specific perceptual^cognitive features that guide patternrecognition skill in soccer.
Generally, the majority of our predictions were verified. Skilled players were quicker and/or more accurate than less-skilled players when making the familiarity-based judgments that underpin pattern-recognition skill in soccer. As a result of many hours of practice and match play, skilled soccer players develop more elaborate domain-specific knowledge bases and acquire skills that promote both rapid encoding of information in memory and allow selective access to this information when required (Ericsson and Kintsch 1995) . Skilled players are able to use these enhanced knowledge bases to more effectively perceive domain-specific visual scenes (Didierjean and Marme© che 2005; Henderson 2003) . Subsequent experiments attempted to identify the specific nature of the information that skilled players use to make such judgments.
The main effect for skill was maintained even when surface features, such as the colour of players' uniforms and form cues from their postural orientations, were removed from the display by presenting the same action sequences in point-light as opposed to video format. As predicted, when viewing structured sequences in point-light format, skilled performers made more effective use of the relational information between players to identify patterns of play than less-skilled players. In particular, the essential information needed to guide the pattern-recognition process appears to be the relational information between only a few key players. This research indicates that relational information, and potentially the higher-order predicates that it conveys, is more important than surface features or form cues when attempting to recognise patterns of play in dynamic, team ball games.
Although initially developed to account for the interaction between low-level and higher-order symbolic processing of biological motion, the current findings may be interpreted through reference to the interactive encoding model proposed by Dittrich (1999) . This model argues for the integration of low-level processing of structural motion components and more conceptually driven semantic processing. These processes are linked together through what are termed`motion integrators'. These integrative processes are resource-dependent and amenable to learning through the continuous updating of working memory. A prediction of the model is that there is a strategic transition from input-driven to conceptually driven processing as the performer develops more elaborate cognitive processes. The level of stimulus encoding therefore seems to be variable, depending on the amount and type of information available to the observer. The idea is that`motion integrators' operating at a cognitive level of visual processing and requiring attention are integral to skilled pattern recognition in a domain such as soccer. Didierjean and Marme© che (2005) referred to similar processes when perceiving patterns of play in basketball. They highlighted the interaction between expert knowledge in long-term memory and the activation of this knowledge through perceptual processes as being the key to effective anticipation skill. F notion of cognitive templates is invoked as a conceptual framework for linking together perceptual information such as structural motion features with more semantic aspects related to the value of certain objects, the relations between particular configurations, and the strategic aspects within the scene such as the next-likely state. The main issue is that, when perceiving patterns of play in sport, the dynamic encoding of situations is modulated by the performer's knowledge of the phenomenon under observation. In other words, experts see beyond the sensory stimulus itself (Gobet 1998) .
The experiments presented in this paper illustrate initial attempts to identify the perceptual^cognitive features that guide the ability to recognise patterns of play in soccer. Other techniques are currently being employed within our laboratories to identify the essential information underlying pattern-recognition skill by using, for example, eye-movement recording, verbal-protocol analysis, and various data-reduction techniques such as principal component analysis (see Huys et al 2004) . An important issue that remains to be unravelled is the relative contribution of players' positions and the relational information present between players when perceiving patterns of play. It would potentially be interesting to compare recognition performance by using static images as well as dynamic film clips and to distort temporal aspects of the sequences by re-ordering or removing certain frames of action. Such information may subsequently be used to develop training interventions to enhance pattern-recognition skill. Preliminary findings (see Ward et al, in press; Williams et al 2004) are encouraging and suggest that such training programmes may have considerable potential as a method of performance enhancement in sport and other domains.
